Context. The dynamical evolution of near-parabolic comets strongly depends on the starting values of the orbital elements derived from the positional observations. In addition, when drawing conclusions about the origin of these objects, it is crucial to control the uncertainties of orbital elements at each stage of the dynamical evolution. Aims. I apply a completely homogeneous approach to determine the cometary orbits and their uncertainties. The resulting catalogue is suitable for the investigation of the origin and future of near-parabolic comets. Methods. First, osculating orbits were determined on the basis of positional data. Second, the dynamical calculations were performed backwards and forwards up to 250 au from the Sun to derive original and future barycentric orbits for each comet. In the present investigation of dynamical evolution, the numerical calculations for a given object start from the swarm of virtual comets constructed using the previously determined osculating (nominal) orbit. In this way, the uncertainties of orbital elements were derived at the end of numerical calculations. Results. Homogeneous sets of orbital elements for osculating, original and future orbits are given. The catalogue of 119 cometary orbits constitutes about 70 per cent of all the first class so-called Oort spike comets discovered during the period of 1801-2010 and about 90 per cent of those discovered in 1951-2010, for which observations were completed at the end of 2013. Non-gravitational (NG) orbits are derived for 45 comets, including asymmetric NG solution for six of them. Additionally, the new method for cometary orbit-quality assessment is applied for all these objects.
Introduction
This catalogue presents for the first time the osculating, original and future orbital elements of near-parabolic comets that were determined by myself and in their majority were further investigated in collaboration with Piotr A. Dybczyński from the Astronomical Observatory Institute at Poznań. In a series of papers, i.e. Królikowska & Dybczyński (2010, hereafter Paper 1), Dybczyński & Królikowska (2011, Paper 2) , Królikowska et al. (2012, Paper 3) and Królikowska & Dybczyński (2013, Paper 4) , we focused on the problem of the origin of near-parabolic comets with original inverse semi-major axes inside the socalled Oort spike. Investigating the dynamical orbital evolution of these observed Oort-spike comets to the previous perihelion passage, we showed that only part of them make their first visit into the planetary zone, that is, we found that barely 50 per cent of these comets have a previous perihelion distance below 15 au (Paper 2).
The catalogue presents a homogeneous set of osculating orbits of just such comets, the nongravitational effects were determined for more than 40 per cent of them. The full sample of 119 comets forming this catalogue constitutes almost 70 per cent of all first class so-called Oort spike comets (condition of 1/a ori < 150 × 10 −6 au −1 was taken with a spare) discovered during the period of 1801-2010, ∼90 per cent of those discovered in the years 1951-2010, for which observations were completed at the end of 2013. The completeness of all three subsamples of these comets is presented in more detail in section 3. In the next years the catalogue will be supplemented by comets discovered a long time ago, and will be updated with newly discovered objects after 2010. In particular, the complete sample of comets discovered during the years 1901-1950 is under consideration as an independent project of the New Catalogue of One-Apparition Comets, the first part of which, that includes 38 comets with 1/a ori ≤ 0.000130 au −1 according to Marsden & Williams Catalogue (2008, hereafter MWC 08) , is completed.
The paper is organized as follows: in the next section I shortly describe the methods and model of motion applied to orbital determinations. In some cases the non-gravitational (hereafter NG) orbits were determinable, thus a brief description of the adopted model of NG acceleration is given in subsection 2.1. Since the new method for evaluating the quality of osculating cometary orbits is used in the present catalogue, the accuracy of the cometary orbit is discussed in some detail in subsection 2.2. The last part of section 2 describes how the original and future orbits and their uncertainties were determined. Section 3 are divided into four parts that deal with tabular parts of the catalogue given in appendices. Thus, this section includes a general description of the observational material of the analysed comets (Part I of the catalogue), as well as osculating orbital elements (Part II), and original and future orbital elements (Parts III and IV) . The article ends with concluding remarks on the accuracy of orbital solutions given in the catalogue and future plans (Sect. 4) . This publication is accompanied by an online catalogue (ssdp.cbk.waw.pl/LPCs) also providing entries to full swarms of original and future virtual comets (hereafter VCs, see Sect. 2.3) that formed the basis for the detailed analysis of dynamical evolution presented in Papers 1-4. Thus, this catalogue also allows one to construct and analyse the observed distribution of Oort spike comets and to investigate the problem of cometary origin.
Methods and assumptions
For each comet from the catalogue, I determined the osculating nominal orbit (GR -pure gravitational or NG if possible; see next subsection) based on the astrometric data, selected and weighted according to the methods described in great detail in Paper 1. This allowed me to construct a homogeneous sample of cometary osculating orbits as well as homogeneous samples of original and future orbits.
The equations of a comet's motion were integrated numerically using the recurrent power series method (Sitarski 1989 (Sitarski , 2002 , taking into account perturbations by all the planets (additionally, Pluto was taken into account to be consistent with DE405/WAW) and including the relativistic effects. All orbital calculations performed for this catalogue were based on the Warsaw numerical ephemeris DE405/WAW of the solar system (Sitarski 2002) , consistent with a high accuracy with the JPL ephemeris DE405.
Nongravitational model of motion applied to orbit determination
To determine the NG cometary orbit the standard formalism proposed by Marsden et al. (1973, hereafter MSY) was used where the three orbital components of the NG acceleration acting on a comet are scaled with a function g(r) symmetric relative to perihelion:
g(r) = α (r/r 0 ) −2.15 1 + (r/r 0 )
where F 1 , F 2 , F 3 are the radial, transverse and normal components of the NG acceleration, respectively, and the radial acceleration is defined outward along the Sun-comet line. The normalization constant α = 0.1113 gives g(1 AU) = 1; the scale distance r 0 = 2.808 AU. From orbital calculations, the NG parameters A 1 , A 2 , and A 3 were derived together with six orbital elements within a given time interval (numerical details are described in Królikowska 2006) . The standard NG model assumes that water sublimates from the whole surface of an isothermal cometary nucleus. The asymmetric model of NG acceleration is derived by using function g(r(t − τ)) instead of g(r(t)). Thus, this model introduces an additional NG parameter τ -the time displacement of the maximum of the g(r) relative to the moment of perihelion passage. In the present catalogue, NG solutions were determined for 45 near-parabolic comets, including asymmetric NG solution for six of them (C/1959 Y1, C/1990 K1, C/1993 A1, C/2007 N3, C/2007 W1 and C/2008 A1) . Moreover, 66 per cent of comets with small perihelion distance have NG orbits in the catalogue (33 of 50; see samples A1 and A2 in Sect. 3.1 and Table A.1).
NG parameters for all NG solutions given in this catalogue are presented in Table B .4 in Part II of this catalogue. One can see in Fig. 1 that NG accelerations at perihelion derived for nearparabolic comets are below the 10 −3 of solar gravitational acceleration with a typical value of about 10 −4 · F .
Accuracy of the cometary orbit
In 1978 Marsden et al. (hereafter MSE) formulated the recipe to evaluate the accuracy of the osculating cometary orbits obtained from the positional data. They proposed to measure this accuracy by the quantity Q defined as Q = Q * + δ , where Q * = 0.5 · (L + M + N) and δ = 1 or 0.5 (3) to make Q an integer number, and L denotes a small integer number that depends on the mean error of the determination of the osculating 1/a, M is a small integer number that depends on the time interval covered by the observations, and N is a small integer number that reflects the number of planets whose perturbation were taken into account. Values of L, M and N are obtained following the scheme presented in the original Table II given by MSE. The integer Qvalue calculated from Eq. 3 should next be replaced with the orbit quality class as follows: a value of Q = 9, 8 means orbit of orbital class 1A, Q = 7 of class 1B, Q = 6 of class 2A, Q = 5 of class 2B, and Q < 5 means lower than second-class orbit.
In Paper 4 we discussed three reasons for which we found that some modifications of the above recipe of orbital accuracy estimation should be done. Briefly, these are the following:
1. In the modern orbit determination all solar system planets are always taken into account, therefore we always have N = 3. 2. Current cometary positional observations are generally of significantly higher precision than 30 years ago. Moreover, modern LPCs are often observed much longer in time than the four years predicted by MSE in their scheme. Thus, the possibility of arbitrarily low values of a mean error of 1/a osc and an arbitrarily long time span of observations should be included to the original Table II given by MSE. 3. Almost all orbits of currently discovered LPCs should be classified as quality class 1A using the MSE quality scheme. Therefore, a better diversification between orbit accuracy classes is necessary. We realized this postulate by new δ -definition and introducing three quality classes 1a+, 1a and 1b instead of the former 1A and 1B.
The final form of a new orbital quality scheme was constructed after an inspection of orbital uncertainties and data intervals in the sample of 22 comets discovered in the years , and samples of near-parabolic comets from Papers 1-3. The new scheme proposed in Paper 4 is based on a slightly modified Eq. 3:
to make Q an integer number. [24 , 48[ 6 [1 , 5[ [12 , 24[ 5 [5 , 20[ [ 6 , 12[ 4 [20 , 100[ [ 3 , 6[ 3 [100 , 500[ [1.5 , 3[ 2 [500 , 2500[ [23 days , 1.5 months[ 1 [2 500 , 12 500[ [12 , 23[ days 0 ≥ 12 500 [7 , 12[ -1 [3 , 7[ -2 [1 , 3[ To distinguish the proposed quality system from the MSE system, in Paper 4 we used the lower-case letters 'a' and 'b' in quality class descriptions instead of the original 'A' and 'B' in the following way: Q = 9 -class 1a+, Q = 8 -class 1a, Q = 7 -class 1b, Q = 6 -class 2a, Q = 5 -class 2b, Q = 4 -class 3a class, Q = 3 -class 3b, and Q ≤ 2 -class 4, where Q is calculated according to eq. 4. The quality classes 3a, 3b and 4 were not defined by MSE, but we adopted here the idea published by IAU Minor Planet Center Web Pages (2013) as 'a logical extension to the MSE scheme'.
How to calculate the quantities L and M is described in Table 1 , which is a simpler form of the original Table II given by MSE. We only introduced in this table the possibility of arbitrarily low values of a mean error of 1/a osc and an arbitrarily long time span of observations, and, as mentioned before, we completely removed the redundant column describing the number of planets taken into account in the orbit determination process. Instead, we set N=3 in Eq. 4. Thus, the mean error of 1/a osc smaller than 1 unit (i.e. 1 × 10 −6 au −1 ) now gives L = 7 and a time span of data longer than 48 months results in M = 8.
This new orbit quality scheme separates the orbits of very good quality in MSE system, 1A, into three quality classes in the new system, where the lowest of orbits in class 1A (Q * =7) in the MSE system are classified as 1b in the new scheme.
Original and future orbits
To calculate the original and future orbital elements as well as their uncertainties (taken at 250 au from the Sun where planetary perturbations are negligible) the dynamical calculations for swarms of starting osculating orbits were performed for each catalogue comet. Each swarm was constructed according to the Monte Carlo method proposed by Sitarski (1998) , where the entire swarm fulfil the Gaussian statistics of fitting to positional data used for a given osculating orbit determination (examples are in Paper 1). Each swarm consists of 5 001 VCs including the nominal orbit; this number of orbital clones gives a sufficient sample to obtain reliable statistics at 250 au from the Sun. Values of uncertainties of original/future orbital elements were derived by fitting the distribution of a given orbital element of an original/future swarm of VCs to Gaussian distribution. All distributions of orbital elements including 1/a-distributions of analysed comets were still perfectly Gaussian at 250 au from the Sun.
The catalogue

Description and structure of tabular materials
To avoid very long tables with dozens of entries in each row it was convenient to divide the tabular material into four general parts.
Part I. Description of the observational material Table A .1 describes the sets of positional observations taken for each orbit determination and gives the new quality assessment of derived osculating orbits using the scheme proposed in Paper 4. The presentation of considered comets is separated into three samples. Sample A1 This sample consists of 28 near-parabolic comets of q osc < 3.1 au and 1/a ori < 150 × 10 −6 au −1 discovered before the year 2006. Sample A1 is very incomplete and includes 40 per cent of all discovered LPCs that fulfil the above conditions (see Table 2 ). Most comets from this sample (except for six objects, see Table A .1) have NG orbits, and these solutions are characterized by a clear decrease in root-mean-square error (rms) compared with the rms for GR orbits, only C/1974 F1 displays a slight decrease of rms for NG solution. Orbital solutions for most comets belonging to this sample were used for dynamical evolution discussed in Papers 1-3. However, three comets analysed in these papers (C/1913 Y1, C/1940 R2 and C/1946 U1) This is a complete sample of 22 comets of q osc < 3.1 au and 1/a ori < 150 × 10 −6 au −1 discovered in the period 2006-2010 (Table 2) . NG solutions are determined for eleven of them. These comets were examined in Paper 4. Sample B This is an almost complete sample of 69 comets of q osc > 3.1 au and 1/a ori < 150 × 10 −6 au −1 discovered in the period 1970-2010; the missing four comets (C/2008 S3, C/2009 F4, C/2010 S1, and C/2010 U3) were still observed at the end of 2013. Orbits of six comets of Sample B were redetermined using longer data intervals than those used in Papers 1-2 (C/1997 A1, C/1999 F1, C/1999 N4, C/1001 J4, C/2003 S3, and C/2005 K1, see notes 3-8 to Since Table A .1 is also focused upon the best/preferred orbit for investigating the dynamical origin of near-parabolic comets, the more dedicated models for this purpose are given whenever it is necessary, that is, when even the NG model based on entire data set not fully satisfies three criteria described in detail in Papers 1-4 (based on rms, O-C-diagram and O-C-distribution). This is indicated by subscript 'un' in Col. [9] of Table A.1 (some , the better models based on some subsample of data are shown in the next rows for a given comet.
For an unsatisfactory solution based on an entire data set, it was found that the best method is to divide the data set into pre-and post-perihelion subsets to determine the pre-perihelion and postperihelion osculating orbit for the purpose of past and future dynamical evolution, respectively (as for example for C/2007 W1), or to construct a dedicated subset of data taken at large heliocentric distances from the Sun (as for C/2001 Q4). Then the preferred models for the past/future dynamical evolution are given in the second/third row of a given object in almost all cases where orbital solution based on the entire data seems to be unsatisfactory (except for two comets, C/1990 K1 and C/1993 A1, where a more individual data treatment has not been taken yet; see also notes to Table A .1 for these comets). It is important to note that in these cases the quality assessment may change as, for example, for comet C/2007 W1 or C/2008 A1.
Therefore, the statistics of orbital classes also depends on types of osculating orbits taken into account. Table 3 shows this statistics for the sample of 119 near-parabolic comets for two sets of osculating orbits: the best osculating orbits determined on the basis of an entire interval of data (second column labelled as 'standard') and the most preferred orbits for the past dynamical investigation (third column labelled as 'past evolution').
The osculating orbits corresponding to all models described in There is a higher diversification in orbital classes between investigated comets than was found using the original MSE recipe. This can easily be checked by taking the Q * -values given in Col.
[10] or [11] of Table A .1 and using Eq. 4.
In Papers 1-4, the orbit determination is based quite often on a larger data set (in most cases currently available at IAU Minor Planet Center Database 2013) than was used in MWC 08 or at IAU Minor Planet Center Database to obtain the orbital elements given there. Thus, our orbital quality assessment sometimes lists a better quality class than that shown in MWC 08, although our method of quality assessment is more restrictive (see numerous notes appended to Table A.1). , respectively). The number of comets are given for objects of first-quality class orbits in MWC 08 (1A or 1B), except for the A2 sample of comets, where 3 objects with orbital quality class 2 and 3 are included; this is indicated by '+ 3' in Cols. [3] and [7] . The upper limit for 1/a ori is taken at 0.000150 au −1 . All comets with an NG orbit in MWC 08 (in this case the 1/a ori is not given there) were also analysed and some of them have 1/a ori < 0.000150 au −1 . The sample A1+A2 is complete in the time interval of 2006-2010; during the same period, Sample B is almost complete -four comets are still observable, one of which, C/2010 U3 Boattini, will pass perihelion in 2019! N u m b e r o f c o m e t s i n t h e d i f f e r e n t s a m p l e s Period q osc < 3. The modified method of orbital quality determination was applied to pure GR as well as to NG orbits of analysed small perihelion comets. All Oort spike comets were chosen from MWC 08 as objects with highest quality orbits (classes 1A or 1B) or with an NG orbit 1 . Table 4 ). Uncertainties of 1/a osc are lower than 20 in units of 10 −6 au −1 for five of them (Col.
[3] of Table 4) , which means that they are significantly poorer than for the remaining comets in this sample. All five have NG orbits, which is a natural consequence because more parameters were used for the orbit determination (six orbital elements plus NG parameters). For the sixth comet, C/2001 K3, only a pure GR orbit was determinable and its second-class quality of osculating orbit is mainly due to a very short time interval. Additionally, from seven comets with an NG orbit in MWC 08 only three listed in Table 4 have second-quality orbits according to the modified method (applying the original MSE method to our orbit determinations -only two comets). Some comment is needed for C/1952 W1. In Paper 1, we determined an osculating orbit from 36 positional observations taken from the literature 2 . This is in fact the only comet, for which we had determined the orbit on the basis of fewer measurements than in the MWC 08; for more details see Paper 1. Thus, the MWC 08 describes an orbit of C/1952 W1 as 1B class (64 observations, the data interval is the same as ours), whereas using the MSE method for our orbit determination we obtain class 2A (Cols. 2 and 3 of Table 4 ). According to the more restrictive orbital quality assessment in the sample of 28 comets we obtained 8 comets of class 1a+, 4 comets of class 1a, 10 of class 1b, 5 of class 2a, and 1 object of class 2b in this sample. In Paper 4 we selected all near-parabolic comets discovered in the years 2006-2010 that have small perihelion distances, q osc < 3.1 au, and 1/a ori < 0.000150 au −1 . According to the proposed method of orbital quality assessment we have in this sample a lower fraction of comets of the best orbital classes: 11 instead of 15 derived using the MSE quality system. Additionally, these 11 comets are now divided into five comets of class 1a+ and six comets of class 1a using the entire data sets shown in Table A .1 in the first row of a given object. Moreover, the orbit of one comet, C/2008 C1, is reclassified as a second-class orbit. For more details see Paper 4.
3.2.4. Sample B. Near-parabolic comets of q osc ≥ 3.1 au discovered in the period 1970-2010
In the sample of comets with large perihelion distances, the lowest value of Q * (eq. 4) is 6.0 for two comets, C/2006 YC and C/2007 Y1 (Table 5) . Therefore, orbits of these two comets should be classified as second quality (2a class), according to our more restrictive method. In MWC 08, both orbits were classified as class 2A probably because of the very short intervals of observations, two months for C/2006 YC and 2.5 months for C/2007 Y1 (Col. 2 of Table 5 ). The current orbits of these two comets are based on almost periods of data twice as long, 4 and 4.5 months, respectively, which resulted in improving the quality of orbits from second to first class when using the MSE method of quality assessment (Col. 3 of Table 5 ). For this reason, these two comets were also investigated by us in Paper 2. Three comets with greatest 1/a osc -uncertainties in this sample, C/1978 G2 (37.9 × 10 −6 au −1 ), C/1983 O1 (20.5 × 10 −6 au −1 ) and C/1976 U1 (21.5 × 10 −6 au −1 ), now have class 1b, 1a, 1b (1B, 1A and 1B in MWC 08), respectively, because of the relatively long time interval of data. C/1983 O1 stands out among them because of the longest data interval (7.5 years) and the closest perihelion distance of 3.3 au to the Sun, which allowed determining the NG orbit (Paper 2). The remaining two comets have q osc > 5.5 au, so any NG traces in the motion, and data intervals shorter than two years. In general, the NG orbit (if determinable) seems to be closer to the actual motion of a given comet than the pure GR orbit, but when the NG parameters are included in the orbit determinations this can result in significantly grater uncer-tainties of orbital elements than for the pure GR orbit. This is the case of C/1983 O1, where the uncertainty of 1/a-determination of NG orbit is one order of magnitude larger (20.5 × 10 −6 au −1 ) than for GR orbit (1.5 × 10 −6 au −1 ). When NG orbits, although they are more realistic than pure GR orbits, are characterized by significantly larger uncertainties of orbital elements than GR orbits, then the second parameter of orbital quality assessment, the time interval of data, plays an important role, as for C/1983 O1. According to our new orbital quality assessment, we obtained 24 comets of class 1a+, 36 comets of class 1a, 7 of class 1b, and 2 objects of class 2a in sample B. . Additionally, the inverse semi-major axis is presented in Col. [9] . The astrometric data sets used for each orbital solution determination are presented in Part I of the catalogue (Table A .1). The NG parameters for all NG osculating orbits included in the catalogue (i.e. for 45 comets, see Table A .1) are shown in the separate Table B .4. Most comets from sample A1 have NG orbits (almost 80 per cent). These NG solutions are characterized by a clear decrease in rms compared with the rms for purely GR orbits, only for C/1974 F1 this decrease is infinitesimal. Sample A2 includes 11 osculating NG orbits, thus 50 per cent of comets discovered in the period of 2006-2010 with a small perihelion distance (q osc < 3.1 au) have determinable NG effects in their motion. On the other hand, only 12 of 69 comets of sample B have NG orbits. For some comets even NG orbits exhibit some trends in O-C time variations. In these peculiar cases the second and sometimes the third orbital solutions are presented. Additional orbits are based on some subsamples of data, as described in Table A .1 (see also Sect. 3.2). These dedicated solutions are more appropriate for studying the origin and/or future evolution of the cometary orbit.
Part III of the catalogue. Original orbital elements
Similarly as in Part II, three tables (Tables C.1, C.2, and C.3) corresponding to samples A1, A2, and B are presented here. Each of them contains the original barycentric orbits calculated at the distance of 250 au from the Sun. Tables have an analogous structure and entries to those in Part II.
To derive the original and future inverse semi-major axis, the dynamical calculations of a swarm of VCs of each individual objects were performed backwards and forwards in time until it reached 250 au from the Sun, that is, at a distance where the planetary perturbations are already completely negligible. Each individual swarm of starting osculating orbits consists of 5 001 VCs including the nominal orbit and was constructed according to a Monte Carlo method proposed by Sitarski (1998) , where the entire swarm fulfilled the Gaussian statistics of fitting to positional data used for a given osculating (nominal) orbit determination. This method allowed us to determine the uncertainties of original and future orbital elements, including the inverse semi-major The distribution of 1/a ori based on the best solutions derived from past dynamical studies and incorporating the uncertainties of 1/a ori -determinations is shown in Fig. 2 . The only object from the sample of 119 comets seems to be a serious candidate to interstellar comet (C/2007 W1 Boattini, for more details see Paper 4). The left and negative wing of the main distribution is formed by a few comets with rather broad individual 1/a ori -distributions (Gaussians), such as C/1978 G2 (see Table C .3) with a formally negative, but poorly known, inverse semi-major axis of −22.4 ± 37.8 in units of 10 −6 au −1 , or by C/1984 W2 with 1/a ori = 36.1 ± 20.2 in the same units. The main peak of 1/a ori is broad and extends between 10 and 65 in units of 10 −6 au −1 (a ori : ∼15 400 -100 000 au). More precisely, the calculated 10 and 90 per cent deciles are 11.5 and 74.5 in units of 10 −6 au −1 , respectively. The median value of the 1/a oridistribution is 37.95 · 10 −6 au −1 (a ori 26 300 au). The main part of 1/a ori -distribution seems to have a local minimum somewhere between 25-35 in units of 10 −6 au −1 , but the histogram based on twice wider bins gives a broad single maximum. This dip in broad Oort maximum is exclusively caused by large-perihelion comets. Thus, significantly richer statistics are needed to confirm or refute the double nature of this maximum. Table 5 . Same as in Table 4 for large-perihelion comets (q osc ≥ 3.1 au). The 1/a fut -distribution constructed from the future orbits presented in these tables are shown in the lower panel of Fig. 2 . Fifteen comets (∼13 per cent of the sample) have a future inverse semi-major axis within the same range of 0 < 1/a fut < 100 · 10 −6 au −1 where the original 1/a-distribution is placed, ∼51 per cent of comets leave the solar system on hyperbolic orbits, and about 36 per cent of objects have evolved into more tightly bound orbits under the influence of planetary perturbations. The narrow peak in the range |1/a fut | < 100 · 10 −6 au −1 is evident and includes more than 30 per cent of the entire sample. This peak mostly consists of comets with large perihelion distances (q osc > 3.1 au), which means that these comets reproduced 78.5 per cent of the peak, whereas the entire sample of 118 objects taken for this statistics (comet C/2010 X1 Elenin disintegrated shortly after perihelion passage) includes only 69 large-perihelion comets (58 per cent of the sample).
Concluding remarks
About accuracy
In this catalogue great care was taken to treat the data completely homogeneously together with an individual approach to determining NG effects wherever it seemed necessary. In Papers 1-2 it was shown that data treatment is crucial for an orbit determination of one-apparition comets and the applied methods of data selection and weighting are there discussed in details. An individual approach was applied when there were any doubts about the O-C time variation of residuals or the O-C distribution of residuals (for the standard model based on the all available data). Thus, sometimes two sets of osculating orbits are offered for a given comet, in particular, for some comets with determinable NG effects. In these cases, the first set always gives the overall model of NG motion derived using the entire set of data. The second set describes the orbit derived using a subset of data, e.g. using only the pre-perihelion data for ingoing leg of orbit, and post-perihelion data for outgoing leg of orbit, respectively (see Fig. 3 . Projection of the 6D space of 5 001 VCs of C/1988 B1 onto six chosen planes of osculating orbital elements. Vertical axes given in the right-hand panels are exactly the same as the vertical axes in the left-hand panels. Each grey point represents a single virtual orbit, while the red large point represents the nominal orbit solution given here and the green point is taken from MWC 08 (see also Table 6 ). Each plot is centred on the nominal values of the respective pair of osculating orbital elements denoted by the subscript '0'; see also Table 6 .
for example the case of C/2007 T2 or C/2008 A1). This approach was necessary because of the simplicity of the NG model used Table 6 . Heliocentric orbital elements of osculating orbits for comets C/1988 B1 Shoemaker and C/2002 J4 NEAT (Sample B, see also for orbital calculations (usually three constant NG parameters, see Table B .4). In fact, it was the only possible model for the purpose of such a massive NG determination in the motion of LPCs. A detailed discussion of the different forms of NG accelerations is given in Paper 3 for the two small-perihelion comets C/2001 Q4 and C/2007 T2. In that paper, we showed that determining the exponents for the g(r)-like function is very difficult and, in practice, this was only possible for these two particular comets from the catalogue sample. An additional note is needed for large-perihelion comets with NG orbits in the catalogue. The g(r)-form of NG accelerations used here describes the water ice sublimation. Thus, this relationship is very coarse for comets with large perihelion distances, where the percentage of the more volatile ices may be relatively high.
In the context of this discussion, we strongly emphasize that all the uncertainties of osculating orbital elements given in the catalogue tables (and hence the uncertainties of original and future orbits) represent the formal errors derived by fitting the assumed model of motion (GR or NG) to positional observations. If it were possible to explore the NG acceleration along the orbit of a given comet more precisely, the solution might be different. How different depends on the case in question. However, as was shown in Paper 3, the scatter of 1/a ori -values for various NG models appears to be significantly smaller than the difference between the 1/a-values between the pure GR and the standard NG model for the two comets examined there. Therefore, it seems that this relatively simple type of model of NG acceleration applied for the purpose of this catalogue gives orbits that are significantly closer to the actual past and future motion of analysed comets. When the various NG orbits are given in the catalogue, a more cautious approach to the formal errors is necessary. For this reason, in the case of comet C/2007 W1 Boattini, which is the best candidate for a comet on an original hyperbolic orbit, the various NG models were taken into account (see Paper 4) to be conclusive about the shape of its barycentric original orbits. We concluded in Paper 4 that all of them indicate that this comet moved on a barycentric hyperbolic orbit before entered the planetary zone. This makes this comet the best candidate to have an interstellar origin among the catalogue comets.
Generally, the GR orbits given in this catalogue differ from the solutions given in MWC 08 or IAU Minor Planet Center Database (2013) by no more than 3σ -error for each orbital element; typically by even less than a 2σ -error. Two representative examples are given in Table 6 for comets C/1988 B1 and C/2002 J4, which have 1a and 1a+ quality class orbit, respectively. Both solutions are based on the data span over long time intervals (more than 4 yr). In the last line for each comet in Table 6 the difference in each orbital element is expressed as combined errors and assuming the same orbital element uncertainties for the solution given in MWC 08 (IAU Minor Planet Center Database 2013) as derived here. Additionally, for C/1988 B1, the solution taken from MWC 08 is compared in Fig. 3 with the swarm of osculating VCs derived for the past and future evolutionary calculations. Orbit of C/1988 B1 given in MWC 08 was determined using 112 residuals (rms=1. 00), whereas the orbit presented here was obtained on the basis of 127 residuals (rms=0. 98, without weighting of the data).
An extensive discussion of possible differences of the NG solutions given in this catalogue from other published results is presented in Paper 4 for two comets with variable NG effects, C/2007 W1 and C/2008 A1.
For comets with two different NG solutions given in this catalogue, both orbits can be taken by the user to investigate a cometary activity within the observational interval. However, for long-time orbital calculations, the more dedicated orbit is recommended, for example to investigate the cometary origin, the orbit determined using the pre-perihelion data should be taken into account.
The web catalogue also offer the swarms of original and future VCs, that is, the barycentric orbital elements at the distances where planetary perturbations are negligible for all models from Table 2 . Thus, the swarms of original and future NG orbits are also available in this catalogue for further investigation by the user.
Future plans
This catalogue will be supplemented in the future by the sample of one-apparition comets discovered in the first half of the twentieth century. Orbits of such old comets particularly need to be redetermined because they were originally obtained using very different numerical methods and assumptions on the model of the solar system, including the number of planets taken into account. The first part of this long-standing project describing the analysis of 38 comets from the Oort spike will be soon submitted to publication.
One of the issues awaiting for extensive numerical tests is whether the gravitational influence of the mass of the asteroid belt, Kuiper Belt, and Oort Cloud will have a strong effect in particular cases on the orbital elements of near-parabolic comets that general move on steeply inclined orbits to the ecliptic plane. Some test were made for the most massive bodies from the Main Belt (which seems to be the more important agent for the comets investigated here), and no important orbital changes were so far noticed for a few exercised comets. The uncertainties of orbital elements were more than two orders of magnitude greater than the differences in nominal orbit determined using the standard solar system model and that taking into account four massive asteroids from the Main Belt. However, without more scrupulous testing one cannot rule out the rare possibility that a particular comet will be sensitive to perturbations coming from one of the relatively massive bodies (due to close encounter). In the future it will be potentially interesting to incorporate the many of massive minor planets into the dynamical model of the solar system and perform such tests for all comets with previously determined orbits. Additionally, it is not obvious how the global mass distribution of mentioned three populations of solar system minor bodies are gravitationally important for near-parabolic comets. These plans of comprehensive tests will be gradually put into practice.
Appendix A: Part I -Description of observational material and orbital quality assessment shows the type of the best model possible to determine from the full interval of data, where the subscript 'un' indicates that the GR and even the NG model determined from the entire interval of data is not satisfactory in the sense of the three criteria described in detail in Papers 1-4. For such an unsatisfactory orbital solution the better model for pre-perihelion motion (that based on some subsample of data) is given in the second row of a given comet, except for comets C/1990 K1 and C/1993 A1, where the individual data treatment is has not been yet. Cols.
[10]
and [11] give the Q * for GR and NG models, respectively. The orbital class resulting from the model described in Col.
[9] and determined according to the new quality assessment is given in Col.
[12]. References to publications where dynamical studies were based on the orbital solution presented here are listed in the last col., where P1 refers to Królikowska & Dybczyński (2010) , P2 to Dybczyński & Królikowska (2011) , P3 to Królikowska et al. (2012) , and P4 to . Many additional notes to individual objects are appended to this [1]
[2]
[3]
[4]
[5]
[6]
[7]
[8] [3]
[8] 
This new solution is based on a three days longer data interval and 4 more observations than the orbit analysed in Paper 2. (4) Orbit is based on a ∼6.5 longer data interval and 3 more observations than that analysed in Paper 2. (5) Orbit is based on a ∼ 3 weeks longer data interval and 4 more observations than that analysed in Paper 2. (6) Orbit is based on a ∼ 1.6 yr longer data interval and 4 more observations than that analysed in Paper 2; this results in an increase from quality class 1a to 1a+. (7) Orbit is based on a ∼two month longer data interval and 9 more observations than that analysed in Paper 2. (8) Orbit is based on a ∼two month longer data interval and 2 more observations than that analysed in Paper 2.
Additional notes on some individual objects given in (2013) is based on 553 observations. In Paper 1 the symmetric NG model based on full data interval was analysed, where some trends in O-C variations were reported. The present symmetric NG solution results in 1a quality class. The asymmetric model (function g(r(t − τ))) listed in this catalogue gives τ = 5.3 ± 1.7 day and orbit of class 1b. However, still some trends in O-C time variations are easily seen and a more dedicated treatment is necessary for this comet, maybe similar to that in (1) an NG solution based on full data interval and (2) the most recommended models for past and future dynamical evolution, respectively. The first model gives an NG orbit of class 1a+ with evident trends in O-C time variations. The asymmetric model gives τ = −12.9 ± 0.6 day, |A 1 | << |A 2 | and an infinitesimal decrease in rms, therefore the symmetric model is shown in this catalogue. The second (PRE) and third (POST) models are based on data taken before and after perihelion passage, respectively, and give orbits of class 1a and 1b as well as O-C time variations with no trends in right ascension and declination. In Paper 3, we recommend osculating orbits based on these two models to study the origin and future of this comet. For more details see model PRE in Paper 3. Since observations have stopped soon after perihelion passage, a dedicated solution is only possible for pre-perihelion data. Here, two models are listed: (1) the NG solution based on the full data interval, and (2) the most recommended model for past dynamical evolution. In Paper 4, we recommend this second solution (of quality class 2b) for backward dynamical studies and a NG solution based on all data for forward extrapolation of motion (class 1b) with the remark that the future motion of this comet is additionally uncertain because of the lack of post-perihelion data. For more details see Paper 4.
Comet C/2007 N3. Evident trends in the O-C time variations for the NG solution (important normal component of NG acceleration) based on an entire data set were noticed. Therefore we list in this catalogue two types of models: (1) an asymmetric NG solution based on a full data interval, and (2) the most recommended two separate GR models based on pre-perihelion and post-perihelion data, for past and future dynamical evolution, respectively. Fore more details see Paper 4. Appendix B: Part II -Osculating orbital elements (heliocentric) Table B .2. Heliocentric orbital elements of osculating orbits for 22 near-parabolic comets described as sample A2 in Table B .3. Heliocentric orbital elements of osculating orbits for 69 near-parabolic comets described as sample B in Appendix D: Part IV -Future barycentric orbital elements Table B .4. NG parameters derived in orbital solutions based on entire data intervals (first-line solution for a given comet marked STD in Col.
Comet
[6]) and those based on a subsample of data marked PRE or POST (see also 
